INTRODUCTION
Traditional food is an important element of the European cultural heritage. Production and sale of traditional food products, different from conventional and mass products, provide a decisive economic input to many regions and can contribute to the diversification and prevention from depopulation of rural areas (1, 2) .
Foods that are typical of any region or area have their own peculiar characteristics that arise from the use of local ingredients and production techniques, which are deeply rooted in tradition and linked to the territory. Thus, there is a wide variety of dry-fermented meat products on the European market as a consequence of variations in the raw materials, formulations and manufacturing processes, which come from the habits and customs of the different countries and regions (3, 4) .
Petrovská klobasá, traditional dry-cured sausage, is made in an area nearby town of Bački Petrovac in the Autonomous Province of Vojvodina (Northern Serbia). It is a part of Slovaks' heritage, who inhabited Vojvodina in the second half of 18th century. Nowadays, they are producing it in traditional way according to the original recipe of their ancestors, without the use of nitrate/nitrite, glucono delta-lactone (GDL) and microbial starters. In village households, this sausage is made in the end of November and during December. This is when the temperatures are around 0 o C or lower. Petrovská klobása is prepared by mixing ground pork meat and lard with addition of red hot paprika powder, salt, crushed garlic, caraway and shugar. Well mixed compound is stuffed into natural casing, back part of pig large intestines (colon), in the units of 35-45cm length. After stuffing it undergoes smoking process for about 10 days with pauses, using specific kinds of wood. Afterwards it is left to dry and ripen for a period of up to 4 months, until it achieves optimum quality. At the end of ripening Petrovská klobasá is characterized by specific savoury taste, aromatic and spicy-hot flavor, dark red color and hard consistency.
Aiming to establish quality standard and protect designation of the origin, traditional process of manufacturing and gross characteristics of Petrovská klobasá have been investigated in a number of rural households. Some biochemical, physicochemical and sensorial characteristics of sausages, produced by five representative manufacturers, are presented in this paper.
EXPERIMENTAL Samples
Sausages were produced during December and the processes of drying and ripening lasted 120 days, when the manufacturers, according to their experience, estimated that the production process was finished. Samples (n=3) from each batch (A, B, C, D, E) were taken on the 0, 50, 80 and 120 th day after preparation, transported to the laboratory under refrigeration (4 o C) and analyzed on the same day.
Аnalysis
Moisture, fat, protein (Kjeldahl N x 6.25), NaCl and ash contents were quantified according to the ISO recommended standards (5-9). Non-protein nitrogen (NPN) content was determined in filtrate using Kjeldahl method (7) after quantitative precipitation of proteins with 10% TCA. α-aminoacidic nitrogen (NH 2 -N) was determined according to Sörensen's formol titration (1907) modified by Petrov (1965) (10) . Analyses for all samples were carried out in duplicate.
To determine weight loss, five sausages from each batch were weighed just after stuffing. The same sausages were reweighed on the 5, 15, 30, 60, 90 and 120 th day. The differences in weight are expressed as the percentage of the initial weight.
The pH values of sausages were measured using the portable pH meter (Consort C931, Turnhout, Belgium) equipped with an insertion glass combination electrode (Mettler Toledo Greifensee, Switzerland). Means of three measurements are presented.
Color measurements of Petrovská klobása were carried out using photo-colorimeter MINOLTA CHROMA METER CR-400 (Minolta Co., Ltd., Osaka, Japan). Color characteristics are given in the CIE L*a*b* system. Two measurements were taken on two fresh cut surfaces of sausages (n=3) from each batch. Data presented are means of 12 measurements.
Instrumental texture measurements were performed using a Universal Testing Machine (Instron International LTD, High Wycombe, UK), model 4301. Firmness was determined as force needed for penetration (Fp) through 1cm thick slice, and expressed as Newton (N). Measurements were performed using extension for penetration (needle with 5 arms) at a crosshead speed of 100 mm/min (11) . For each sausage, 12 determinations were carried out.
Sensory evaluation of Petrovská klobása was performed by panel consisting of 5 trained differently aged members. Evaluations were carried out according point system of analytical descriptive test (12) using a scale from 0 to 5; 0 -visible mechanical or microbiological contamination, untypical product and similar; 5 -extraordinary, typical, optimal quality level. Following attributes were evaluated: external appearance of sausage, appearance and composition of cut surface, color and color maintenance on the cut surface, odor and taste, texture and juiciness. For each evaluated sausage, mean scores of five tasters are presented.
Differences between the sausages produced by different manufacturers were analysed through an analysis of variance ANOVA (Statistica 9.1 -StatSoft, Inc. 2010). The Duncan's post hoc test was used for comparison of mean values. Differences were considered significant at p < 0.05.
RESULTS AND DISCUSSION
The mean values of the chemical components of sausages during processing are presented in Table 1 . The protein contents found in most of Petrovská klobása samples after 120 days of drying and ripening (~30%) were similar to those observed for Italian traditional dry sausage (13) or even higher compared to the reported values for the majority of different fermented sausages (1419).
The fat contents in final products varied from 34.09% (E) to 46.01% (C). Although significant differences (p < 0.05) in fat content (up to 12%) were observed, the highest fat content was a little bit lower or similar to the registered values for Sremska sausage or some traditional Spanish sausages (15, 17, 19) .
The average moisture values were slightly higher than those stated for Sremska sausage (15) , similar to the values found in some Italian sausages (13, 20) , but lower if compared with traditional Spanish sausages Androlla, Botillo and Chorizo de cebolla (17, 19) and Milano Salami (14) . The values of ash content at the end of ripening of Petrovská klobása (3.87 -5.26%) were similar to or a little bit lower than in some examinated fermented sausages (1520). Production of Petrovská klobása is characterized by low addition of NaCl. In the final products the NaCl content varied from 3.01% in A and C sausages, up to 3.28% in B sausage (p > 0.05), being lower than in the majority of fermented sausages (1315, 21). Similar NaCl contents were found in Botillo and in Italian sausage from the region of Friuli Venezia Giulia (17, 18) , but lower in Androlla, Chorizo de cebolla (17, 19) and Croatian fermented sausage (21) .
Weight losses of Petrovská klobása produced by five different manufacturers, during smoking, drying and ripening processes, are shown in Fig. 1 . It is evident that the values for weight loss of sausages from the all five production batches after 120 days of manufacturing were more than 40%. The values for weight losses during the production process were similar to those reported for traditional Greek sausage with the same level of fat content in basic formulation (22) , or higher than those which were found for Italian sausage of Felino type (20) . The pH value changes of sausages during processing are shown in Fig. 2 . The initial pH values ranged from 5.26 (A) to 5.56 (E). As can be seen from the figure, during the first 15 days, the pH values in sausages B and E decreased. After that period the pH in those sausages started to increase gradually, reaching after 120 days the values 5.36 and 5.42, respectively. Such changes of pH are in line with the findings of other authors that have investigated physicochemical properties of fermented dry sausages (14, 21, 23, 24) . In sausages A, C and D, uncharacteristic variations of pH values were registered during drying and ripening period, with a noted increase in the beginning of the process. Having in mind that deeper microbiological examinations were not the subject of this investigation, based on experiences and theoretical knowledge it is possible to conclude that this phenomenon could be a result of lower microbiological quality of raw materials (meat, paprika, natural casings) and/or poor hygienic conditions during manufacturing (ambient conditions). Moreover, this phenomenon could be an indicator of unsatisfactorily performed stuffing procedure, which resulted in the incorporation of higher quantities of air into sausages. This probably enabled the development of dominant microflora of meat, i.e. aerobic, Gram-negative, psychotropic, proteolytic bacteria (25) , during the very first couple of days. Degradation of proteins generates amino acids which can be decarboxylated, deaminated, or even further metabolized. Therefore, the generated ammonia and amines cause an increase in pH (26) . Thus, pH increased in A, C and D sausages. After that initial period, in which aerobic bacteria consumed oxygen, an increase of lactic acid bacteria number had probably took place, with beginning of fermentation, and pH value started to decrease, preventing thus further growth of undesirable microorganisms. The investigations of hygienic integrity of sausages manufactured by all five producers after 50, 80 and 120 days, showed that they fulfilled the demands of Serbian Regulations (27) . The final pH value of about 5.4 corresponds to the high sensory quality of Petrovská klobása. Hence, this pH value could be applied as a threshold value for the estimation of the completion of the ripening process. 
Figure 2. Changes in pH during the ripening of Petrovská klobása
As the results in Table 2 show, the highest NPN content was found in the raw sausage mixture D (0.28 g/100g) and the lowest in the raw sausage mixture C (0.23 g/100g). At the same time, it should be noted (Fig. 3) that the share of NPN in total nitrogen (NPN % TN) of raw sausage mixture C was the highest (10.27%). After 120 days of ripening the highest NPN content was found for E sausages, amounting to 0.74 g/100g. The lowest (p < 0.05) absolute NPN content and the highest NPN % TN (Fig. 3) again were found for C sausages, being 0.62 g/100g and 16.59%, respectively. Somewhat lower values for NPN % TN were found in D (16.35%) and E (15.20 %) sausages. This indicates that during the production processes of C, D and E sausages intensive proteolytic processes occurred. Results shown in Table 2 and Fig. 3 agree with findings of various other authors, and they indicate that proteolysis process during the fermentation and ripening effects with the increasing of the non-protein nitrogen contents in sausages (17, 19, 2831) . García de Fernando and Fox (28) recorded the increase of NPN % TN from the initial value of 8 to the final value of 15, after 41 day of pork sausage production. Similar increase of NPN share in the total N was registered by Beriain et al. (29) in the Spanish traditional sausage Salchichon, from initial 9.40 to the final 15.95% after 30 days of manufacturing. Average NPN content in Spanish traditional sausage Androlla after 60 days of drying and ripening was 0.57 g/100g (18) , which corresponds to the results registered for Petrovská klobása in similar period of manufacturing. The highest mean of α-aminoacidic nitrogen content (NH 2 -N) was determined in the raw sausage mixture B (0.085 g/100g) and the lowest one in the mixture A (0.075 g/100g). After 120 days of ripening, the highest NH 2 -N content was registered in the D sausages (0.372 g/100g) and the lowest content of this nitrogen fraction was again found in the A sausages (0.239 g/100g). Mean values of α-aminoacidic nitrogen contents during the traditional manufacturing process of Petrovská klobása, shown in Table 2 , are higher than those published for Spanish traditional sausages Androlla (0.096 g/100g), Botillo (0.095 g/100g) and Chorizo de cebolla (0.136 g/100g (17, 19) . However it must be remembered that ripening of the Petrovská klobása lasted longer.
After the previously shown results of NPN content and NPN % TN were viewed together with the changes of pH (Fig. 2) in the course of the manufacturing period. It was concluded that during the first 10 days more intensive proteolysis occurred in C and D sausages, probably caused by undesirable microorganisms. The consequence was an increase of pH value and non-protein nitrogen content. At the end of the manufacturing process, the highest content of non-protein nitrogen was found in E sausages, which correlates with the highest pH value of this product. Namely, in that sausage the pro-
teolysis took place somewhat later, during ripening, after the fermentation and under the influence of technologically useful microflora, which caused positive effects on sensory properties of that product (Fig. 4) . As can be seen, the mean scores of the observed sensorial parameters have been higher in the course of time, reaching their maximum after 120 days of processing, when it was estimated that the sausages reached a very high sensory quality (Fig. 4) . After 50 days, mean scores of individual sensory properties were, mainly, between 3.0 and 3.5, with a marked minimum for texture and juiciness (about 2.7), indicating that the sausages were not homogenized, i.e. gelling of the dissolved proteins and fastening of the sausage structure were not finished (32) . This sensory evaluation of Petrovská klobása after 50 days of processing is fully understandable as it is a slow fermenting product characterized with a low NaCl content and absence of additives or supplements that would enable shorter periods of drying and ripening. At the 120 th day of drying and ripening, it was estimated, that the sausages reached high sensory quality, being costly between 4.0 and 5.0, indicating optimal, typical quality with, occasionally, smaller deviations and deficiencies. Color characteristics of Petrovská klobása samples, expressed in CIE L*a*b* system, are shown in Table 3 . After 120 days of drying and ripening, the highest L* value was determined on the cut surface of C sausages (36.38) and the lowest on cut surface of A sausages (31.78). Such significantly different (p < 0.05) L* values can be explained by different (p < 0.05) fat contents in these sausages, which is in concordance with the results reported for traditional Greek sausage, which indicate that products with higher fat tissue contents tend to have higher L* values. On the other hand, with the increased weight loss during drying and ripening, the lightness decreases and sausage is becoming darker (22) . During the whole processing period of Petrovská klobása, very high shares of red (a*) and yellow (b*) color on cut surfaces were registered for products from all five manufacturers. Most probably, this was a consequence of the addition of a high amount of quality red hot paprika powder (capsantine content was not below 3.5 g/kg of dry matter or 120 ASTA) to the basic formulation of sausage mixture. Results for instrumental measurements of texture are shown in Table 4 . After 120 days of drying and ripening, the highest penetration forces were 14.48 N and 13.53 N for A and E sausages, respectively. Significantly lower firmness (p < 0.05) was determined for C sausages (6.18 N) . Hence, taking into account previous results (moisture and fat content, weight loss, pH) great differences for firmness between sausages are fully logical and expected. In spite of a high weight loss, C sausages were characterized with a high fat content, which resulted in soft consistency and low penetration force. Sausages A lost the highest quantity of water during the processing and became too firm and dry, which reflected as high penetration force and the lowest score for this sensory property (Fig. 4) . Consistency of E sausages was sensory evaluated with very high scores, which can be explained by its optimal chemical composition and weight loss, i.e. moisture content in the final product (29.11%). In addition, the final pH, NPN and NH 2 -N contents in these sausages indicate the correct fermentation and ripening process, intensive proteolysis and homogenization of the mixture.
CONCLUSION
Production of Petrovská klobása in traditional conditions leads to a significant heterogeneity of final products. The quality standard for this type of sausage does not exist, and beside the differences between sausages the main findings of this study will be a good basis for its establishing. Compared to other dry-fermented sausages, Petrovská klobása is characterized by high protein content, usual moisture, fat and mineral substances contents and lower NaCl content. It is also characterized by a high weight loss, and pH which corresponds to the published values for this parameter for other traditional fermented sausages. During ripening, Petrovská klobása undergoes significant proteolytic changes that have positive effects on sensory properties, primarily due to the formation of characteristic taste and odor. At the end of ripening Petrovská klobasá is characterized by aromatic and spicy-hot flavor, dark-red color and hard consistency.
